The paucity of information on the energetic relationships of smaller homeotherms and the recent examination of the weight-metabolism relationships of birds (King and Farner, 1961) indicate the need of additional information concerning the energy metabolism of small birds. Accordingly, this study was undertaken to investigate the effects of environmental temperature on the oxygen consumption and evaporative water loss of the Black-rumped Waxbill (Estrildu troglodytes), which weighs only 6 or 7 grams.
Heart and breathing rates were measured while the birds were immobilized in flannel jackets. Two electrodes fashioned from fine, stainless steel insect pins were inserted in the pectoral musculature and the leads from these electrodes were connected to a high gain preamplifier, which was used with a Sanborn recording oscillograph. This treatment did not seem to disturb the birds greatly, and they remained alert and unharmed throughout the measurements.
RESULTS
The relationship between ambient temperature and the oxygen consumption of postabsorptive Black-rumped Waxbills resting in the dark is illustrated in figure 1. Standard metabolic values ranged from 3.5 to 3.9 cc. Os/gm./hr., or the equivalent of 2.5 to 2.7 kcal./day. The limits of the zone of thermal neutrality are not well defined, , op. cit.) , although the weightmetabolism relationship for passerines has a higher y intercept than that for nonpasserine birds. It may be that the passerine birds are operating at a higher metabolic level than nonpasserines of the same weight range. More data from nonpasserines weighing less than 100 gm. are needed before any definite conclusions can be drawn.
King and Farner noted that much of the data for the metabolism of small birds had been obtained during the day, while data for large birds were taken at night. Because of the diurnal cycle of body temperature in birds, they restricted their analysis to data obtained at night. We measured the metabolism of a Black-rumped Waxbill all night at a temperature of 32.6" C., and the minimal level of metabolism at night (3.6 cc. Os/ gm./hr., 3: 13 a.m.) is indistinguishable from our equilibrium values obtained from postabsorptive birds during the day. A similar relationship was found in hummingbirds (Lasiewski, op. cit.). If the conditions required for standard metabolic levels are carefully met, it seems probable that values obtained from small birds during the day can validly be compared to those obtained at night. This seems particularly true when one is able to monitor oxygen consumption or carbon dioxide production continuously and select a period when the bird is obviously at complete rest. Black-rumped Waxbills which were fed before being placed in the metabolic chamber took as long as seven hours to reach minimal stable levels of oxygen consumption.
OXYGEN CONSUMPTION VERSUS AMBIENT TEMPERATURE
The estimated thermoneutral zone for this species (28" to 35" C.) is somewhat arbitrary for reasons cited previously. A lower critical temperature of 28" C. is in agreement with comparable values for hummingbirds (Lasiewski, 1963) birds (Odum, 1941 ; Lasiewski, in press), and other small birds (Odum, 1941 (Odum, , 1945 . Yapp (1962) has suggested that the upper limit of heart action in small birds is around 1000 beats/min., on the basis of available information. The maximum recorded value for the Black-rumped Waxbill is 1020 beats/min., which represents a two-fold increase over resting levels and is consistent with this suggestion. Among birds, only hummingbirds have higher heart rates than this, with the maximum recorded values being 1200 beats/min. for the Costa Hummingbird, Calypte costae (Lasiewski, in press), and 1260 beats/min. for the Black-chinned Hummingbird, Archibchus alexandri (Lasiewski, unpublished observations). This again represents a two-fold difference between resting and maximum levels of pulse rate. Since standard and flight metabolism in CaZypte costae differ by a factor of ten (Lasiewski, 1963) , hummingbirds must either increase heart rate further than 1200/min. during flight, increase systolic output (stroke volume), or most probably, increase both. More data are needed to clarify this point.
